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Description 



ANALOG/DIGITAL MIXED INTEGRATED 

CIRCUIT 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This Application is a Continuation of application PCT/ 

JP02/06973 filed on July 10, 2002, and which claims pri- 
ority from Japanese application 2001-220879 filed on 
July 23, 2001, the entire contents of each of which are in- 
corporated herein by reference. 
FIELD OF THE INVENTION 

[0002] The present invention relates to an analog/digital mixed 

integrated circuit by which an analog circuit and a digital 

circuit are integrated within a single semiconductor chip. 
BACKGROUND OF THE INVENTION 

[0003] In recent years, in addition to cellular-phone equipment 
and PDA (Personal Digital Assistants), many electronics 
devices, including entertainment equipment such as radio 
receiver, digital camera, and game machine, etc.; home 



electronics such as air conditioner and refrigerator; vend- 
ing machine; manufacturing equipment in a factory; mea- 
suring apparatus; in-vehicle equipment such as car navi- 
gation system, etc.; and business equipment, etc., have 
means of communication, and have been utilized as net- 
work terminals. 

[0004] Under such a networked environment, wireless communi- 
cations make communication "whenever, wherever, and to 
whomever" possible. As means of wireless communica- 
tions, there are Bluetooth for short-distance wireless 
data communication technology, and wireless LAN using 
a 5 GHz band, in addition to cellular-phone system or 
PDA. 

[0005] Regarding such communication terminals, "being ultra- 
portable" is a prerequisite as a matter of course. Thus, 
miniaturization, light weight, and low-power consumption 
are strongly required. Generally speaking, wireless com- 
munication terminals tend to have multifunctions and 
high performance. Even so, regarding the entirety of 
equipment, miniaturization, lightweight, and low-power 
consumption are required. Therefore, for the wireless 
communication functions built-in equipment, further 
miniaturization, light weight, thinness, and low-power 



consumption are required. 
[0006] In light of such a bacl<ground, the development of multi- 
functions, high integration, and high density for semicon- 
ductor integrated circuits has rapidly progressed. Trials in 
which radio frequency circuits including passive compo- 
nent parts such as condensers, etc., are made into a sin- 
gle chip or a single modularization have been performed. 
Recently, there have also been developments in which the 
past independence of analog LSI and digital LSI has given 
way to integration in the form of an analog/digital mixed 
LSI. 

[0007] For example, trials where radio frequency circuit (analog 
circuit) used to transmit and receive analog signals, and 
PLL (Phase Locked Loop) synthesizer circuit (digital circuit) 
or baseband signal processing circuit (digital circuit) used 
so as to perform digital signal processing of the signals to 
transmit and received signals are made into a single chip 
or a single modulation have been actively made. 

[0008] 7he analog circuit and digital circuit in an analog/digital 
mixed integrated circuit are arranged adjacently each 
other, compared with the structure where analog and dig- 
ital circuits are arranged on separate chips. Thus, in many 
cases, significant noise from the digital circuit tends to 



enter the supersensitive analog circuit. In such cases, the 
characteristics of the analog signals become extremely 
deteriorated. Therefore, the way in which such coupling 
noise arising from analog and digital circuits is reduced is 
very important. 

[0009] In particular, for the digital circuit, a clock signal as a 

control standard is supplied. In such a case, when an ana- 
log circuit (for example, a high frequency circuit) is ar- 
ranged near an digital circuit, high frequency components 
of the clock signal Jump into the analog circuit as digital 
noise, which largely deteriorates the characteristics of the 
analog signals transmitted and received wirelessly. For in- 
stance, when audio signals are transmitted and received, 
the receiving sensitivity declines, and the sound quality 
becomes remarkably deteriorated, which causes extreme 
difficulty in terms of hearing. 

[0010] Therefore, for example, a front-end part of a high fre- 
quency circuit, etc. is composed of an analog circuit, and 
the baseband signal processing circuit is composed of a 
digital circuit, etc. So, either the analog circuit or the digi- 
tal circuit is organized according to functional unit. This 
separates the analog circuit area from the digital circuit 
area on the chip layout. 



[0011] However, as shown in FIG. 1, depending on uses of an 
analog/digital mixed integrated circuit, there exist some 
circuits switching through the clock signal even within the 
analog circuit area (in this specification, an operated cir- 
cuit based on the clock signal is called a switching circuit). 

[0012] Meanwhile, a clock generator circuit that generates a clock 
signal is normally arranged in the digital circuit area. In 
such case, the length of a clock line that is wired from the 
clock generator circuit arranged in the digital circuit area 
to a switching circuit arranged in the analog circuit area 
becomes long. However, the intervals between wirings or 
between parts become very narrow for high-integration 
and high-density-ized analog/digital mixed integrated 
circuits. Thus, the influence of the clock signal flowing 
through the long clock line upon the surroundings be- 
comes large. 

[0013] In particular, when a high frequency amplification circuit, 
etc. corresponding to the transmission and reception sec- 
tion of the high frequency signals exits near the clock 
line, the digital noise by the clock signal Jumps into the 
high frequency amplification circuit, which causes the 
characteristics of the analog signals to become remark- 
ably deteriorated. Energies of the clock signal become 



larger as the frequency becomes higher. Thus, the prob- 
lem stated above becomes more remarkable as the fre- 
quency of the clock signal becomes higher. 
[0014] jhe purpose of the present invention is to suppress the 
inconvenience where the digital noise by the clock signal 
flowing through the clock line is received by the analog 
circuit, and the quality of the analog signals becomes de- 
teriorated. 
SUMMARY OF THE INVENTION 

[0015] An analog/digital mixed integrated circuit of the present 
invention mixes analog circuits and digital circuits within 
the same semiconductor chip, an analog circuit area and a 
digital circuit area are held within the semiconductor chip, 
a clock generator circuit that generates a clock signal is 
arranged within the digital circuit area, and a switching 
circuit that performs switching operation by the clock sig- 
nal and performs analog signal processing is arranged 
within the digital circuit area. 

[0016] Here, the switching circuit is preferably arranged near the 
clock generator circuit. 

[0017] In another aspect of the present invention, an analog/digi- 
tal mixed integrated circuit mixes analog circuits and dig- 
ital circuits within the same semiconductor chip, the 



semiconductor chip includes a first switcliing circuit that 
operates based on a clocl< signal with a first frequency 
and performs analog signal processing, a second switch- 
ing circuit that operates based on a clock signal with a 
second frequency higher than the first frequency and per- 
forms analog signal processing, and a clock generator cir- 
cuit that generates a clock signal with the first and second 
frequency, and an analog circuit area and a digital circuit 
area are held within the semiconductor chip, the first 
switching circuit is arranged within the analog circuit area, 
and the second switching circuit and the clock generator 
circuit are arranged within the digital circuit area. 

[0018] Here, the second switching circuit is preferably arranged 
near the clock generator circuit. 

[0019] According to this present invention, shortening of the 
wiring length of the clock line that is routed from the 
clock generator circuit arranged within the digital circuit 
area of the semiconductor chip to the switching circuit 
that operates based on the clock signal is possible. Fur- 
thermore, the distance between the clock line and the 
analog circuits within the analog circuit area can be as 
great as possible. The distance between the switching cir- 
cuit itself and the analog circuits within the analog circuit 



area can also be as great as possible. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 Is a diagram showing an example where a circuit 
that performs switching operation by the clock signal ex- 
ists between analog circuits. 

[0021] FIG. 2 is a diagram showing an example of chip layout of 
the analog/digital mixed integrated circuit of the first em- 
bodiment. 

[0022] FIG. 3 is a diagram showing an example of chip layout of 
the analog/digital mixed integrated circuit of the second 
embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] (First embodiment) 

[0024] jhe first embodiment of the present invention is here- 
inafter explained with reference to the drawing. 

[0025] FIG. 2 is a diagram showing an example of chip layout of 
the analog/digital mixed integrated circuit of the first em- 
bodiment. 

[0026] As shown in FIG. 2, the IC chip 10 of this embodiment that 
mixes analog circuits and digital circuits integrates the 
first analog circuit 3, the switching circuit 4, the second 
analog circuit 5, and the clock generator circuit 6. The 



switching circuit 4 operates based on tlie clocl< signal CK 
and inputs and processes tlie output signal of the first 
analog circuit 3. The second analog circuit 5 inputs and 
processes the output signal of the switching circuit 4. The 
clock generator circuit 6 generates the aforementioned 
clock signal CK. 

[0027] Such IC chip 10 has an analog circuit area 1 that collec- 
tively integrates the analog circuits and a digital circuit 
area 2 that collectively integrates the digital circuits. A 
guard ring 7 is formed on the boundary between the ana- 
log circuit area 1 and the digital circuit area 2. 

[0028] In addition, regarding each circuit 3 to 6 shown here, only 
some of the circuits integrated within the IC chip 10 are 
illustrated, and circuits other than those may be inte- 
grated within the IC chip 10. Note that, the analog circuits 
should be integrated within the analog circuit area 1 and 
the digital circuits should be integrated within the digital 
circuit area 2. 

[0029] In this embodiment, the analog circuit area 1 integrates 
the first analog circuit 3 and the second analog circuit 5. 
Also, the digital circuit area 2 integrates the switching cir- 
cuit 4 (regardless of whether it is an analog or a digital 
circuit) and the clock generator circuit 6. 



[0030] jhe first analog circuit 3 and the second analog circuit 5 
are arranged in the analog circuit area 1, and the switch- 
ing circuit 4 as a processing circuit between them is ar- 
ranged in the digital circuit area 2. Though this, the wiring 
lengths of the signal line 8 between the first analog circuit 
3 and the switching circuit 4, and between the switching 
circuit 4 and the second analog circuit 5 become longer 
than in a case where the switching circuit 4 is also ar- 
ranged in the analog circuit area 1 in a normal manner. 

[0031] However, the distance between the switching circuit 4 and 
the clock generator circuit 6 becomes short, and the 
wiring length of the clock line 9 used to supply the clock 
signal CK with the switching circuit 4 can be short. Re- 
garding the analog circuit, the fact that the clock line 9 as 
the origin of occurrence for large digital noise is routed 
over lengthily to the inside of the analog circuit area 1 
causes a more serious problem than a fact that the signal 
line 8 becomes longer. 

[0032] The switching circuit 4 is arranged in the digital circuit 

area 2. This enables the clock line 9 not to enter the ana- 
log circuit area 1. Therefore, inconvenience where the 
digital noise by the clock signal CK Jumps to the analog 
circuits can be suppressed. Furthermore, since the guard 



ring 7 is formed between the analog circuit area 1 and tlie 
digital circuit area 2, mixing-in of digital noise can be 
more reliably suppressed. 

[0033] In particular, when a sensitive high frequency amplifica- 
tion circuit exists within the analog circuit area 1, such 
high frequency amplification circuit can be arranged as 
distantly from the clock line 9 as possible. This enables 
the suppression of the inconvenience where the digital 
noise by the clock signal CK jumps into the high fre- 
quency amplification circuit and the characteristics of the 
analog signals become deteriorated. 

[0034] Moreover, the switching circuit 4 is arranged within the 
digital circuit area 2. This enables the distance of the 
switching circuit 4 itself and the analog circuits within the 
analog circuit area 1 to be as remotely separated as pos- 
sible. Furthermore, it is possible to separate the switching 
circuit 4 and analog circuits within the analog circuit area 
1 to be separated by the guard ring 7. This also enables 
the suppression of the inconvenience where the switching 
noise occurring in the switching circuit 4 jumps into the 
analog circuits and the characteristics of the analog sig- 
nals become deteriorated. 

[0035] Additionally, the switching circuit 4 within the digital cir- 



cuit area 2 is preferably arranged near the clock generator 
circuit 6, so that the wiring length of the clock line 9 be- 
comes as short as possible. 
[0036] (Second embodiment) 

[0037] Next, the second embodiment of the present invention is 
hereinafter explained based on the drawing. 

[0038] FIG. 3 is a diagram showing an example of chip layout of 
the analog/digital mixed integrated circuit of the second 
embodiment. 

[0039] The IC chip 20 of this embodiment integrates the first 

analog circuit 21, the first switching circuit 22, the second 
switching circuit 23, the second analog circuit 24, the 
third analog circuit 25, and the clock generator circuit 26. 
The first switching circuit 22 operates based on the first 
clock signal CK 1 and inputs and processes the output 
signal of the first analog circuit 21. The second switching 
circuit 23 operates based on the second clock signal CK 2 
and inputs and processes the output signal of the first 
analog circuit 21. The second analog circuit 24 inputs and 
processes the output signal of the first switching circuit 
22. The third analog circuit 25 inputs and processes the 
output signal of the second switching circuit 23. The clock 
generator circuit 26 generates the aforementioned clock 



signal CK 1 and CK 2. 

[0040] Such IC chip 20 also has an analog circuit area 1 that col- 
lectively integrates the analog circuits and a digital circuit 
area 2 that collectively integrates the digital circuits. A 
guard ring 27 is formed on the boundary between the 
analog circuit area 1 and the digital circuit area 2. 

[0041] Regarding the first and second clock signals CK 1 and CK 
2 generated by the clock generator circuit 26, the fre- 
quency of the second clock signal CK 2 is higher than that 
of the first clock signal CK 1. Thus, the second clock sig- 
nal CK 2 has larger energies than the first clock signal CK 
1. 

[0042] In addition, regarding each circuit 21 to 26 shown here, 
only some of the circuits integrated within the IC chip 20 
are illustrated, and circuits other than those may be inte- 
grated within the IC chip 20. Note that, the analog circuits 
should be integrated within the analog circuit area 1 and 
the digital circuits should be integrated within the digital 
circuit area 2. 

[0043] In this embodiment, the analog circuit area 1 integrates 
the first analog circuit 21, the first switching circuit 22, 
the second analog circuit 24 and the third analog circuit 
25. Also, the digital circuit area 2 integrates the second 



switching circuit 23 and tlie clocl< generator circuit 26. 
[0044] The first analog circuit 21 and the third analog circuit 25 
are arranged in the analog circuit area 1, and the second 
switching circuit 23 as a processing circuit between them 
is arranged in the digital circuit area 2. Though this, the 
distance between the second switching circuit 23 and the 
clock generator circuit 26 becomes short, and the wiring 
lengths of the second clock line 29 used to supply the 
second clock signal CK 2 with the switching circuit 23 can 
be shortened. 

[0045] As stated above, the frequency of the second clock signal 
CK 2 is higher than that of the first clock signal CK 1. And 
the second clock signal CK2 has larger energies. Thus, 
when the second clock line 29 through which such second 
clock signal CK 2 flows is routed over lengthily to the in- 
side of the analog circuit area 1, a significant amount of 
digital noise Jumps into the analog circuits in many cases. 

[0046] However, according to this embodiment, the second 

switching circuit 23 is arranged within the digital circuit 
area 2. This enables the second clock line 29 not to enter 
the analog circuit area 1, and suppresses the inconve- 
nience where the digital noise by the second clock signal 
CK 2 jumps into the analog circuits. Furthermore, since 



the guard ring 27 is formed between the analog circuit 
area 1 and the digital circuit area 2, mixing-in of the digi- 
tal noise can be more reliably suppressed. 

[0047] In addition, the second switching circuit 23 within the 

digital circuit area 2 is preferably arranged near the clock 
generator circuit 26, so that the wiring length of the sec- 
ond clock line 29 becomes as short as possible. 

[0048] |\/ieanwhile, the first switching circuit 22 as a processing 
circuit between the first analog circuit 21 and the second 
analog circuit 24 is arranged in the same analog circuit 
area 1 as such first and second analog circuits 21 and 24. 
The frequency of the first clock signal CK 1 that is sup- 
plied to the first switching circuit 22 is lower than that of 
the second clock signal CK 2. And the influence of the 
digital noise by such first clock signal CK 1 is not ex- 
tremely significant. 

[0049] Thus, the wiring length of the first clock line 28 that is 
routed from the clock generator circuit 26 to the switch- 
ing circuit 22 is slightly longer, since the first switching 
circuit 22 is arranged in the analog circuit area 1. How- 
ever, the wiring lengths of the signal line 30 between the 
first analog circuit 21 and the first switching circuit 22 
and between the first switching circuit 22 and the second 



analog circuit 24 can be sliortened. 

[0050] The cliaracteristics of this embodiment are such that when 
there exist a plurality of the switching circuits that operate 
according to the clock signal with different frequencies, a 
switching circuit where the frequency of the clock signal is 
high and the influence by digital noise becomes large is 
arranged in the digital circuit area 2. This enables the 
suppression of the inconvenience where the digital noise 
by the clock signal with large energies Jumps into the 
analog circuits and the characteristics of the analog sig- 
nals become deteriorated. 

[0051] Additionally, the embodiments explained above have 
shown only one example of the possible incarnations 
upon implementing the present invention. This should not 
cause the technical scope of the present invention to be 
restrictively interpreted. This is to say, the present inven- 
tion can be implemented in various forms without deviat- 
ing from the spirit or the main characteristics thereof. 

[0052] As explained above, the present invention enables short- 
ening of the wiring length of the clock line that is routed 
from the clock generator circuit arranged within the digi- 
tal circuit area of the semiconductor chip to the switching 
circuit that operates based on the clock signal, and also 



enables the distance between the clock line and the ana- 
log circuits within the analog circuit area to be as great as 
possible. This enables the suppression of the inconve- 
nience where the digital noise by the clock signal flowing 
through the clock line Jumps into the analog circuits and 
the coupling noise arising from analog and digital circuits 

is reduced. 
INDUSTRIAL APPLICABILITY 

[0053] The present invention is useful in that it allows the possi- 
bility of suppressing inconvenience where digital noise 
caused by a clock signal flowing through the clock line is 
received by the analog circuits, and the quality of analog 
signals becomes deteriorated 



